Solution structure of the biologically relevant G-quadruplex element in the human c-MYC promoter. Implications for G-quadruplex stabilization.
The nuclease hypersensitivity element III(1) (NHE III(1)) of the c-MYC promoter strongly controls the transcriptional activity of the c-MYC oncogene. The purine-rich strand of the NHE III(1) element has been shown to be a silencer element for c-MYC transcription upon formation of a G-quadruplex structure. We have determined the predominant G-quadruplex structure of this silencer element in potassium solution by NMR. The G-quadruplex structure adopts an intramolecular parallel-stranded quadruplex conformation with three guanine tetrads and three side loops, including two single-nucleotide side loops and one double-nucleotide side loop, that connect the four guanine strands. The three side loops are very stable and well-defined. The 3'-flanking sequence forms a stable fold-back stacking conformation capping the top end of the G-quadruplex structure. The 5'-flanking A and G bases cap the bottom end of the G-quadruplex, with the adenine stacking very well with the bottom tetrad. This paper reports the first solution structure of a G-quadruplex found to form in the promoter region of an oncogene (c-MYC). This G-quadruplex structure is extremely stable, with a similar melting temperature (>85 degrees C) to that of the wild-type 27-mer purine-rich NHE III(1) sequence of the c-MYC promoter. This predominant quadruplex structure has been shown to be biologically relevant, and the structural information revealed in this research provides an important basis for the design of new drug candidates that specifically target the c-MYC G-quadruplex structure and modulate gene expression.